Morocco is one of the four regions in the world known for the richness of its fish resources in its coasts (through upwelling). The upwelling phenomenon is the origin of high biological productivity of the regions which results in a strong richness of the pelagic resources (sardines, anchovies, mackerel, etc.). These species were defined as fish living in the sea between the surface and 200 meters deep and characterized by significant horizontal and vertical migration in coastal waters [1] . They make up the largest share of global marine catch and they represent quantitatively the main exploited resources, and account for almost 80 % of catches [2, 3] . The socioeconomic importance of sea fishing requires managers to strengthen the biological studies necessary for the evaluation of these resources in order to allow fishermen to make the most of natural stands on one hand, and to safeguard stocks by appropriate regulatory measures on the other hand. The anchovies Engraulis encrasicolus Linnaeus, 1758 are an essential element of food chain [4] . Little is known about the biology of this species in the Atlantic waters of Morocco. It is generally admitted the existence of one unique stock for North West Africa, which extends from Morocco to Sierra Leona. Nowadays, the occurrence of different modal classes detected in acoustic surveys carried out in Moroccan and Mauritanian waters raises out the possibility of the existence of different stocks [5] . Most of the research on the ecology of this species was performed in the northern Mediterranean Sea [6] [7] [8] [9] , the Black Sea and the Azov Sea [10] [11] [12] , the Adriatic Sea [13, 14] or the Bay of Biscay [15] [16] [17] [18] . Despite the significant economic importance of this species along the North African Atlantic coast, little information is known either on its ecology or biology. Populations of small pelagic fish, such as sardine and anchovy, show evidence of important natural fluctuations in their abundance [19, 20] . These fluctuations seem to be related, among other factors, to climate variability [21] or habitat conditions [9] . Growth and reproduction are two important parameters in fish population dynamics. Therefore, the present paper is focused on the study of E. encrasicolus reproduction and growth; particularly sex-ratio, gonado-somatic index, condition factor and the size at first maturity were studied. Maarif, B.P. 5366, Casablanca, Morocco. 3 National Fisheries Research Institute, Sidi Abderrahmane Road, Equestrian Club Ould Jmel, B.P. 20050, Casablanca, Morocco Abstract A study on the sexual cycle, of the European anchovy, the pelagic fish, Engraulis encrasicolus (Clupeiformes, Engraulidae), was carried out in the Central Atlantic Moroccan coast in the period between January 2013 and December 2013. This work represents the first attempt to investigate the reproductive features of the E. encrasicolus population in this area. The sex ratio for all fish (1:1.32) was in favour of females. The macroscopic examination of the gonads showed that this specie is mature throughout the year. The gonado-somatic index presented a maximum value (4-7 %) during April-September, and decreased gradually to reach minimum value (1-2 %) in November. The size at first sexual maturity (L 50 ) is 9.82 cm for males against 9.96 cm for females.
Materials and methods
The samples of Engraulis encrasicolus used in this study come from the Atlantic area between Cape Cantin and Cape Boujdor during one year, from January 2013 to December 2013. The frequency of sampling is based on the availability of anchovies since they are not always available in the fishing zones ( Figure 1 ).
Figure 1: Sampling area of Engraulis encrasicolus in the Atlantic Centre of Morocco (Cape Cantin-Cape Boujdor)
A total of 1216 specimens of E. encrasicolus were collected monthly in the studied area by the sardine seiners. The catches were sorted, identified, inventoried and weighed. In the laboratory, all specimens were measured (Total Length, L T ) to the nearest 0.1 cm, and weighed (Total weight, W T ) to the nearest 0.1 g. The sex of each fish was determined and the fish gonads were macroscopically classified. The maturity stages of the testes and ovaries were determined with reference to the universal scale, considering five stages in accordance with [22] .
Sex ratio
The sex ratio is defined as the proportion of each sex, determined by macroscopic observation of gonads in a given population. The principal hypothesis supposes that there is equal sex ratio. This was evaluated with a chisquare test (²). Analysis of variance (ANOVA) was applied to test the differences between males and females using Tukey test (P < 0.05).
Sexual maturity
The macroscopic sexual maturity includes five stages [22] (Table 1) .
Gonado-somatic index
Variations in the gonad are almost estimated with respect to the parameters such as the length of the body, the total body weight (W T ) or the somatic weight [23] . The expression used in this study is the gonad index (I G ). It equals both gonad weight (W G ) divided by the total weight of the body and expresses gonad weight as a percentage of body weight [24] : I G = 100 x W G x W T -1 ; where W G is gonad weight and W T is total body weight.
Condition factor
This factor is suitable for comparing the fish of the same species in different locations, between different sexes or seasons. The condition factor, therefore, reflects the ecological and physiological conditions [25] . It is an indicator of the "fitness" of the population according to [26] . In this work, condition factor (K) was calculated using the following formula: K = (W T x L T -3 ) x 100 [27] , where W T is the total weight and L T is the total length.
The size at first sexual maturity
The total lengths at which 50% of specimens attain maturity (stage three is retained as the point at which the fish is considered mature) was deduced using theoretical maturity curve which corresponds to the regression between P parameter depending on the fish size: P = (1+e [28] . Where P is a mature proportion by class size, L T is a total length, a is an intercept, and b is a slope. The linearization of this formula by introducing the natural logarithm gives: -ln ((1-P) x P -1 ) = (a+b) x L T . The regression between ln (P x (1-P) -1 ) and total length (L T ) makes finding the parameters a and b, so: L 50 = -a x b -1 . 
Results

Sex-ratio
A total of 1216 individuals of Engraulis encrasicolus were analyzed; 57 % of them were females, 43 % were males. The difference between the two sexes is significant (Table 2) .
Table 2: Comparison of males and females proportions of Engraulis encrasicolus, and the decision rule
The evolution of the sex-ratio depending on the size shows that the size between 8.5 cm and 13.5 cm is characterized by slight predominance of males (χ2 = 0.28; P > 0.05), from the size of 13.5 cm, we observe a significant dominance of females (χ2 = 23.19; P < 0.001) (Figure 2 ). Figure 3 . Broadly speaking, the sex-ratio was in favour of females for seven months, particularly during the warmest ones (from May to September); on December we noted an equal value of sex ratio for both sexes. The sexual maturity stages are determined by the scale defined by [22] . There are five stages for E. encrasicolus. Fish with gonads at stage greater than or equal to three were considered mature [29] . The monthly changes of different maturation stages are shown in Figure 4 . Mature fishes were dominant throughout the year; these stages reflect an extensive breeding activity for E. encrasicolus. 
Gonado-somatic index
Graphically, monthly fluctuations of gonado-somatic index (I G ) values of Engraulis encrasicolus are shown in Figure 5 . For both sexes, I G showed the highest values in summer with a maximum in August (I G = 5.72 for females and 6.72 for males). They also showed a decrease at the beginning of autumn; the lowest values have been recorded in November (2.04 for females and 1.74 for males).
Condition factor (K)
Both males and females condition factor of Engraulis encrasicolus have similar paces (Figure 6 ). K values are high in August with 0.75 and 0.73 for females and males respectively. For both sexes the low values were observed in November with 0.63 and 0.61 for females and males respectively.
Size at first sexual maturity
The size at the first sexual maturity (L 50 ) was 9.82 cm for males and 9.96 cm for females of Engraulis encrasicolus ( Figure 7 ). 
Discussion
In the present study, Engraulis encrasicolus has a separate sex (gonochorism type) in all specimens examined of all different size classes. The ratio of males to females showed more females than males (1:1.32) in the whole of E. encrasicolus population. This agrees with [30] and [31] who studied the Western Mediterranean E. encrasicolus population and pointed out that the annual sex ratio has a significant dominance of females. The female predominance has been observed by other authors for the E. encrasicolus of the Alboran Sea [32] [33] [34] [35] [36] [37] [38] . Conversely, with [39] and [40] , who found that the annual sex ratios fulfil the hypothesis of a 1:1 ratio. Other results obtained by [41] in the extreme west of Algeria, show a dominance of males (58.36 %). Similarly, in the coast east of Ivory Coast, the results obtained show a dominance of males (1:1.2) on the overall sample [42] . In our study, the sex ratio is in favour of males in the small sizes and of females in the larger sizes. This agrees with the results obtained by [42] . The change in the sex ratio during the fish cycle may be due to differential migration or differential natural mortality by sex [43 -45] . The most likely hypothesis in the case of this study may be migration. Indeed, the anchovies move in large schools over large distances (hundreds of kilometres) and at depth (200 m). This spatial displacement and time affect all size classes but differentially by sex during the breeding season [46] . [23] indicate that males remain longer on the spawning grounds because of the gradual emission of their sexual products, which would explain the change in the sex ratio observed. Furthermore, no sex reversal in the gonad development has been described to this date in the anchovies. The highest proportions of sexual maturity stages, more advanced (stages three, four and five) in males and females of E. encrasicolus, were recorded throughout the year. In some countries of North Africa, including Senegal, Mauritania and Morocco, reproduction of E. encrasicolus is spread throughout the year [47] . This result is different to those obtained by [42] on the coast east of the Ivory Coast, where the only breeding period extended from January to May. [46] [47] [48] on the Ivory Coast indicates two periods of reproduction. The first occurs from January to May on the east and west coasts, and the second from August to December, only on the west coast. According to the same author, the western coastline has the most favourable environmental conditions for breeding. On the east coastline of Ivory Coast, [42] found that E. encrasicolus essentially reproduced in the rainy season. The evolution of I G associated with monthly changes in different stages of sexual maturity indicates that reproduction starts in April and continues beyond September. Indeed, the highest values of the I G (4-7 %) were observed during this period. In Mauritania, the punters are mostly observed from April to October [49] or December [47] at which time the I G reaches 5 %. In the Bay of Biscay, the spawning period extends from April to August [50] . A large variation is well noted in the spawning periods in E. encrasicolus. Indeed, the waters of North Africa coastal countries, constituting "Ecoregion Sahelian upwelling" [51] have a constant supply of nutrients from rising currents of cold water. These marine areas are favourable for growth and reproduction of fish including anchovies in winter, spring and summer [47] . The factors that influence the process of maturation and spawning would be mainly temperature and salinity [52, 53] . Also, migrating E. encrasicolus over 40 m to 100 m or 200 m depth during lying period seeking for favourable temperature and trophic environment to trigger spawning, are inaccessible to artisanal machinery fisheries. Favourable temperatures for E. encrasicolus reproduction lie indeed within 14 to 24°C in depth [54] [55] [56] . The monthly variations in condition factor would be attributable to maturity, spawning, feeding activity as well as environmental factors [57, 58] concluded that the monthly variation in condition factor of the fishes is being affected by the feeding activities which may show their reflection on the body condition, either during the same months or later on. In the current work, condition factor of E. encrasicolus showed the highest values in summer. In the present study, for males of E. encrasicolus, the size at first maturity was 9.82 cm total length, whereas in females, size at first maturity was 9.96 cm total length. This size is greater than what was observed by [59 -61] during high-Ivorian sea trawling. On the northern coast of Tunisia, the size at first maturity of E. encrasicolus is very small (7.3 cm) [40] and lower than those found in the present study and the Ivory Coast. However, these various values obtained in Ivorian waters are all lower than those observed in Mauritania for females (10.1 cm) and males (10.4 cm) [49] and in the Gulf of Gascoigne (11-12 cm) [50] . In the far west of Algeria, this size is much larger (12.8 cm for females and 12.2 cm in males) [41] . [39] concluded that the maturity is attained at a total length of 11.9 cm in males and 11.2 cm in females in the Bay of Cadiz, Spain. Some authors explain that the variations in sizes are due to environmental conditions. Thus, the growth of fish could be delayed by bad environmental conditions and food resources [62] and by fishing pressure. For [63] , changes in the first maturity sizes may be attributable to the different strategies developed by fish in different environments to better adapt to environmental conditions. Indeed, overfishing and low amount of nutrients in water (low upwelling) are factors that might explain the low size of Engraulis encrasicolus compared to those that have been observed in other countries.
Conclusions
The species studied Engraulis encrasicolus occupy an important part of the Moroccan fisheries on both the Atlantic and Mediterranean coasts, due to their high commercial value. Thus, this work was devoted to the study of reproduction, needed to understand the population dynamics of this species in order to ensure sustainable and rational exploitation of their stocks in the Moroccan central Atlantic area. Our results show that the sex ratio was in favor of females (57%) with a significant difference from males. Regarding the sex ratio depending on the size we found that the females were dominant from the large size classes. Concerning the breeding period the Gonado-somatic index showed that the highest values were in summer with a maximum in August for the both sexes.
